To examine the association between hearing impairment and incident frailty in older adults. DESIGN: Cross-sectional and longitudinal analyses with 4-year follow-up using data from the English Longitudinal Study of Ageing. SETTING: Community. PARTICIPANTS: Community-dwelling individuals aged 60 and older with data on hearing and frailty status (N = 2,836). MEASUREMENTS: Hearing impairment was defined as poor self-reported hearing. Having none of the five Fried frailty phenotype components (slow walking, weak grip, self-reported exhaustion, weight loss and low physical activity) was defined as not frail, having one or two as prefrail, and having three or more as frail. Participants who were not frail at baseline were followed for incident prefrailty and frailty. Participants who were prefrail at baseline were followed for incident frailty. RESULTS: One thousand three hundred ninety six (49%) participants were not frail, 1,178 (42%) were prefrail, and 262 (9%) were frail according to the Fried phenotype. At follow-up, there were 367 new cases of prefrailty and frailty among those who were not frail at baseline (n = 1,396) and 133 new cases of frailty among those who were prefrail at baseline (n = 1,178). Cross-sectional analysis showed an association between hearing impairment and frailty (age-and sex-adjusted odds ratio (OR) = 1.66, 95% confidence interval (CI) = 1.37-2.01), which remained after further adjustments for wealth, education, cardiovascular disease, cognition, and depression. In longitudinal analyses, nonfrail participants with hearing impairment were at greater risk of becoming prefrail and frail at follow-up (OR = 1.43, 95% CI = 1.05-1.95), but the association was attenuated after further adjustment. Prefrail participants with hearing impairment had a greater risk of becoming frail at follow-up (OR = 1.64, 95% CI = 1.07-2.51) even after further adjustment. CONCLUSION: Hearing impairment in prefrail older adults was associated with greater risk of becoming frail, independent of covariates, suggesting that hearing impairment may hasten the progression of frailty. J Am Geriatr Soc 65:958-965, 2017.
H earing impairment is common in later life and is estimated to affect 20% of adults in Great Britain aged 60 and older. 1, 2 Age-related hearing impairment has been associated with comorbidity, disability, and poor quality of life, affecting independent living and overall wellbeing. 3, 4 As the population ages, 5 hearing impairment becomes an increasingly important public health concern. Another common health concern in later life is frailty. 6, 7 Frailty is a clinical syndrome that refers to the body's inability to respond adequately to stressors because of multisystem impairments and lack of physiological reserve, increasing the risk of adverse outcomes including falls, hospitalization, institutionalization, and mortality. [6] [7] [8] [9] Frailty is often described as a dynamic state along a continuum from normal aging to death, 10 and transition between frailty states is common. 11 Prefrailty is an intermediate stage between having no prevalent frailty and being frail, 7 and an acute medical event or psychological stress that exceeds the individual's capacity for recovery often precipitates the transition from prefrail to frail. 11, 12 One of the most commonly used frailty measures in the From the *Department of Primary Care and Population Health; and community setting is the Fried phenotype, which has been deemed suitable for identification of community-dwelling older adults at risk of frailty and has been found to be associated with disability, mortality, and hospitalization. 7, 13, 14 The Fried phenotype consists of five components: unintentional weight loss, weak grip, slow walking speed, exhaustion, and low levels of physical activity. 7 A score of 0 refers to no frailty, 1 to 2 indicates prefrailty, and 3 or more is defined as frail. Research has shown that prefrail older adults have twice the risk of becoming frail as nonfrail older adults. 7 Studies suggest that hearing impairment is associated with frailty 15, 16 and its consequences, including functional decline 15 and incident falls. 17 A previous study found an association between self-reported hearing impairment and frailty in older women but not men, but the study was cross-sectional. 18 The Health, Aging and Body Composition study found an association between hearing impairment and incident frailty at 10-year follow-up, but only two measures were used to define frailty (slow walking, inability to rise from a chair). 19 None of these previous studies considered social interaction in the analyses, a factor associated with hearing impairment and frailty that might have mediated the associations observed. 20 Moreover, little is known about the incidence of prefrailty and frailty. It is important to investigate the relationship between hearing impairment and frailty to determine whether prevention and treatment of hearing impairment in older age could minimize the burden of frailty on the individual and society. The current study examined the relationship between poor hearing and prefrailty and frailty in a nationally representative sample of communitydwelling older people in England and the relationship between poor hearing and subsequent incident prefrailty and frailty over 4 years.
METHODS

Study Design and Participants
This study used data from the English Longitudinal Study of Ageing (ELSA), a prospective study of a nationally representative sample of 11,392 men and women aged 50 and older who participated in the Health Survey for England in 1998, 1999, or 2001. 21 The sample was drawn by postcode sector and stratified according to proportion of households in nonmanual socioeconomic groups and has been followed up every 4 years since 2004 with a nurse visit during which measurements of physical function were taken and an interview conducted on morbidity and lifestyle. For the purposes of this study, the study sample was restricted to participants with data on items in the Fried phenotype, including walking speed, which have only been measured in participants aged 60 and older. In 2004, interview and nurse data were obtained from 4,248 of 5,918 participants from the original study sample (core members) aged 60 and older. Complete data on hearing impairment, covariates, and frailty was obtained from 2,836 of these participants (67%) in 2004 and on frailty in 2008, who constituted the current study sample. Ethical approval was obtained from the Multicentre Research and Ethics Committee.
Hearing Impairment
Hearing impairment was measured using a self-reported, validated question previously demonstrated to be accurate when compared with objectively measured hearing 22 asking participants to rate their hearing (using a hearing aid if they used one) as excellent, very good, good, fair, or poor. Reporting excellent, very good, or good hearing was classified as having good hearing, and this group formed the reference group. Experiencing fair or poor hearing was considered poor hearing.
Assessment of Frailty
Frailty status was assessed in 2004, and participants were followed up for frailty from 2004 to 2008. Frailty was based on the five components of the Fried phenotype: weight loss, weak grip, slow walking, exhaustion, and low physical activity. 7 These components were operationalized using definitions identical or very similar to those in the original phenotype studies. 7, 23 Weight loss was defined as loss of 10% or more of body weight in the last 4 years or a current body mass index (BMI) of less than 18.5 kg/m 2 . Weak grip was assessed using a dynamometer with the maximum handgrip strength measure out of three attempts on each side used for analysis. Weak grip was classified as being in the lowest quintile of the sex-and BMI-adjusted distribution. Slow walking speed was measured as the mean time of two measurements taken to complete an 8-foot walk at usual pace. Height was divided at the sex-specific median to categorize those in the lowest sex-and height-specific quintile of the distribution as having slow walking speed. Participants in wheelchairs or who were bed bound, unable to walk because of health problems, or unable to walk alone were also counted as having slow walking. Exhaustion was defined as a positive response to either of the two statements "Felt that everything I did was an effort in the last week" or "Could not get going in the last week" from the Center for Epidemiologic Studies Depression Scale (CES-D). 24 Low physical activity was based on three questions about the frequency with which participants undertook vigorous, moderate, and mild exercise. Each question had four response options (more than once a week, once a week, one to three times a month, hardly ever or never) that were combined according to the amount and intensity of exercise involved. Reporting exercising hardly ever or never, mild exercise only, or moderate exercise a maximum of one to three times a month was classified as low physical activity. Frailty was defined as the presence of three or more of the five frailty components. Prefrailty was defined as the presence of one or two components. No prevalent frailty was defined as having none of the frailty components. The Fried phenotype was used because it incorporates a definition of prefrailty and frailty and is suitable for identification of community-dwelling older adults at risk of frailty. cognitive function, depression, and lack of companionship were considered as covariates. Age was grouped into 60 to 69, 70 to 79, and 80 and older. Total net nonpension wealth (financial, housing, physical wealth) of the household is presented according to quintile. Education was defined as having an intermediate or higher qualification versus no qualification. CVD has previously been associated with hearing impairment and frailty, so doctor-diagnosed CVD (myocardial infarction, angina pectoris, stroke) and doctor-diagnosed CVD-related comorbidities including diabetes mellitus and hypertension were considered as potential covariates and analyzed dichotomously. 25 Participants who reported that they had fallen in the last 12 months were classified as having had a fall. Smoking was defined as reporting being a current smoker and analyzed dichotomously. Cognitive function was measured using a validated 24-point cognitive scale on time orientation and immediate and delay recall and analyzed continuously. 26 The recall tests included a list of 10 words presented to participants, who were asked to recall as many words as possible immediately after the list was read and then again after an approximately 5-minute delay during which they completed other survey questions. Questions on orientation to the day, date, month, and year were obtained from the Mini-Mental State Examination (MMSE) and assessed by asking participants to report the day, date, month, and year. 27, 28 Factors that may be on the causal pathway of hearing impairment and frailty were also considered, including depression and lack of companionship. Depression symptoms were based on the six questions on mood from the validated eight-item version of the CES-D, excluding the two questions on exhaustion that form part of the frailty phenotype definition. 24 Scoring positively on two or more items indicated having depression symptoms and was analyzed dichotomously. Lack of companionship some of the time or often were combined and compared with no lack of companionship.
Statistical Analyses
Logistic regression was used to assess the cross-sectional relationships between hearing impairment and prefrailty and frailty combined. Logistic regression was also used to determine relationships between hearing impairment and incident prefrailty in participants without prevalent frailty at baseline between hearing impairment and incident frailty in participants with prefrailty at baseline followed for 4 years. Incident prefrailty and frailty in those without frailty at baseline were combined because of the small number of new frailty cases in this group (n = 24). Odds ratios (ORs) with 95% confidence intervals (CIs) were obtained using good hearing as the reference. Age, sex, and covariates that were significantly associated with hearing impairment in the nonfrail (Table 2 ) and prefrail groups (Table 3) (wealth, education, CVD, cognitive function) and that have consistently been associated with hearing impairment and frailty in previous studies, such as depression, were included in the statistical analyses. 29, 30 If a positive association was demonstrated between hearing impairment and incident frailty, supplementary analyses were conducted to explore whether lack of companionship as a marker of social isolation and as a potential mechanism underlying the causal pathway between poor selfreported hearing and frailty might explain this. 31 All analyses were performed using SPSS version 22 (IBM Corp., Armonk, NY).
RESULTS
In 2004, 2,836 adults aged 60 and older completed an interview and underwent a nurse assessment. The prevalence of hearing impairment was 23% (n = 643), and 56% (n = 1584) of participants were men. One thousand three hundred ninety-six participants (49%) were not frail, 1,178 (42%) were prefrail, and 262 (9%) were frail at baseline. At 4-year follow-up, there were 367 new cases of prefrailty (n = 343) and frailty (n = 24) among those who were not frail at baseline and 133 new cases of frailty among those who were prefrail at baseline.
Cross-sectional Associations of Hearing Impairment and Frailty at Baseline Table 1 shows the characteristics of all participants and prevalence of frailty at baseline (2004) according to hearing impairment. Participants with poor hearing were more likely to be older, male, and less wealthy; have no educational qualification; have been diagnosed with CVD or diabetes mellitus; and have poorer cognitive function, symptoms of depression, and a history of falls than those with good hearing. Of older adults with poor hearing, 45% (n = 291) were prefrail, and 14% (n = 87) were frail, and of those with good hearing, 40% (n = 887) were prefrail, and 8% (n = 175) were frail.
Cross-sectional analyses of the relationship between frailty and hearing impairment showed that participants who were prefrail or frail were more likely to have poor hearing (age-and sex-adjusted OR = 1.66, 95% CI = 1.37-2.01), and the association remained after further adjustment for wealth, education, CVD, cognition, and depression (OR = 1.41, 95% CI = 1.14-1.73). The relationship was further examined in a subsample of 2,663 participants with data on lack of companionship, and the association remained after additional adjustment for lack of companionship (OR = 1.44, 95% CI = 1.16-1.79). Additional analyses of the relationships between hearing impairment and prefrailty and frailty separately showed that frailty (OR = 1.52, 95% CI = 1.25-1.86) and prefrailty (OR = 2.32, 95% CI = 1.67-3.24) were significantly associated with hearing impairment. An interaction between hearing impairment and sex was tested for, and no association was found.
Longitudinal Associations Between Hearing Impairment and Incident Prefrailty and Frailty
Two cohorts were constructed for longitudinal analysesnot frail at baseline and prefrail at baseline. Table 2 shows the characteristics of participants in the first cohort who were not frail at baseline according to hearing impairment. In this cohort, self-reported hearing impairment was statistically significantly associated with older age, male sex, less wealth, no educational qualification, and poorer cognitive function. Symptoms of depression; history of falls; CVD; and CVD risk factors including smoking, BMI, hypertension, and diabetes mellitus were not associated with hearing impairment. Table 3 presents the characteristics of participants in the second cohort, who were prefrail at baseline, according to hearing impairment. In those who were prefrail at baseline, hearing impairment was associated with older age, male sex, CVD, and poorer cognitive Table 4 presents the findings of incident prefrailty and frailty in participants who were not frail at baseline and of incident frailty in those who were prefrail at baseline. Of participants who were not frail at baseline, those with poor hearing were at greater risk of being prefrail or frail at 4-year follow-up (age-and sex-adjusted OR = 1.43, 95% CI = 1.05-1.95) than those with good self-reported hearing. The association was attenuated after further adjustment for wealth and education. Of participants who were prefrail at baseline, those who reported poor hearing were at greater risk of developing frailty than those with good hearing (age-and sex-adjusted OR = 1.64, 95% CI = 1.07-2.51). This association remained after further adjustment for wealth, education, CVD, cognition, and depression. The association was further examined in a subsample of 1,088 prefrail participants with data on lack of companionship followed up for incident frailty over 4 years. Poor hearing remained associated with greater risk of frailty (OR = 1.72, 95% CI = 1.08-2.76) after further adjustment for lack of companionship.
DISCUSSION
This study investigated the association between hearing impairment and incident frailty in older adults. The results show that prefrail older adults with self-reported poor hearing are at greater risk of becoming frail than prefrail older adults with good hearing. The association observed remained after adjustment for covariates. To the best of the authors' knowledge, this is the first study to investigate hearing impairment and incident frailty using the Fried phenotype.
In the longitudinal analyses, poor self-reported hearing was significantly associated with greater risk of becoming prefrail and frail, although adjustment for markers of socioeconomic position (wealth and education) attenuated (17) 144 (16) 51 (18) . 28 2 264 (22) 189 (22) 75 (26) 3 242 (21) 182 (21) 60 (21) 4 236 (20) 180 (21) 56 (19) 5 (highest) 230 (20) 184 (21) 46 (16) No educational qualification, n (%) 507 (43) 372 (42) 135 (46) .18 Smoker, n (%)
162 (14) 116 (13) 46 (16 213 (18) 144 (16) 69 (24) <.001 Diabetes mellitus, n (%)
121 (10) 86 (10) 35 (12 Followed up for prefrailty and frailty. Good hearing, n = 1,131 (prefrail or frail at follow-up, n = 280 (25%)); poor hearing, n = 265 (prefrail or frail at follow-up, n = 87 (33%)). Followed-up for frailty. Good hearing, n = 887 (frail at follow-up, n = 91 (10%)); poor hearing, n = 291 (frail at follow-up, n = 42 (14%)). CVD = cardiovascular disease.
this. Lower socioeconomic position has consistently been associated with greater risk of frailty, an association largely explained by chronic diseases, depression, psychosocial factors, and lower income. [32] [33] [34] Manual social class, chronic diseases, and psychosocial factors have also been associated with hearing impairment, 2,4 which may explain why the association observed was not independent of socioeconomic status. In contrast, hearing impairment was associated with greater risk of developing frailty in prefrail older adults, and the association remained after further adjustment for covariates. This finding is consistent with those of a previous longitudinal study showing an association between hearing impairment and difficulty getting out of chair and slow gait speed, 19 suggesting that hearing impairment may increase the risk of future frailty in older adults already showing signs of frailty. An important aspect of the current study results is that the association between hearing impairment and incident frailty was observed in individuals who were prefrail but not in those who were not frail at baseline. Poor hearing may therefore be a particular problem in older adults who have started to become frail, suggesting that hearing impairment hastens the progression of frailty. This supports the cumulative deficit model of frailty, 35 suggesting that poor subjective hearing adds to other accumulating health deficits in increasing the risk of frailty. These findings suggest that hearing impairment may be an important deficit to consider.
In the cross-sectional analyses, hearing impairment was associated with prefrailty and frailty separately and combined. The longitudinal finding confirms the directionality of the association observed in the cross-sectional analysis and supports the possibility that hearing impairment may increase the risk of frailty, although several factors could explain the association observed in the longitudinal study. For example, it has been hypothesized that social support may help to minimize the effect of loss of physiological reserve associated with frailty. 20 Nevertheless, communication problems due to hearing impairment may restrict social engagement and therefore access to social support. 31 Consequently, prefrail individuals with hearing impairment may not be able to benefit from the positive effects of social support in preventing further decline. Unmeasured comorbidities such as anxiety 36 or comorbidities that were poorly assessed in the ELSA, including selfreported doctor-diagnosed CVD and limited aspects of cognition (further discussed below), conditions associated with hearing impairment and frailty 4, 7, 37 may also explain the relationship. Finally, the association could be due to shared pathological pathways such as inflammation, which is related to hearing impairment and frailty.
38,39
Strengths and Limitations
The major strengths of this study are that it was a large sample taken from a representative cohort of the community-dwelling English population aged 60 and older. 40 A prospective study design was used, participants were followed for 4 years for prefrailty and frailty, and the models were adjusted for several important potential confounding factors. Limitations include that hearing impairment was self-reported rather than objectively measured, although the question used has been validated against objective measures, and hearing prevalence was comparable with national estimates and previous studies using objective measures. 1, 4, 16, 41 Hearing depends on good cognitive function. 37, 42 Cognitive function based on orientation and immediate and delayed recall was adjusted for, although a limitation of this study was that other aspects of cognitive function or measures of dementia were not available. The investigations, therefore, did not fully account for the role of cognition or dementia in explaining the association between hearing impairment and frailty. Because of data limitations, a slightly modified version of the validated Fried phenotype was used to assess frailty. Although objectively measured data on weight loss over time were used, intentional and unintentional weight loss could not be differentiated, and levels of physical activity referred to frequency and intensity of exercise, without information on calorie consumption. Nevertheless, data were obtained through interviews and nurse assessments, and the findings on prevalence of frailty are comparable with those in the original Fried phenotype study. 7 The current study was restricted to the two-thirds of ELSA participants with data on frailty measurements at baseline and follow-up. Nonrespondents tended to be older and in poorer health, suggesting that prevalence rates of hearing impairment, prefrailty, and frailty might have been higher in nonresponders. 40 Data on hearing aid use were not available, restricting information on any preventable action that participants may have taken. Hearing impairment was measured only at baseline, and no information on the primary cause of and change in hearing impairment were investigated. Finally, ELSA includes people predominantly of white British ethnic origin, and generalization of findings to other ethnic groups is therefore limited.
Implications
The finding that hearing impairment in prefrail older adults increases the risk of becoming frail is of public health importance because hearing impairment and frailty affect a large proportion of older adults. 1, 7 Identifying and actively managing hearing impairment in prefrail older adults may have potential to delay development of frailty. Poor hearing might to some extent be corrected; a population-based study showed that only 15% of older adults with objectively assessed hearing impairment use a hearing aid. 43 Selfreported hearing impairment may be remediable in that it can be addressed with hearing aids, cochlear implants, and interventions aiming to optimize social and environmental conditions for hearing. 44, 45 The progression from prefrailty to frailty appears to be predominately an end-stage, presaging death, 7 although frailty is potentially preventable if targeted in the early stages 7, 11, 46 through interventions such as physical exercise [47] [48] [49] previously shown to be effective in prefrail individuals. 47, 48 Avoiding frailty could reduce adverse health outcomes such as falls, hospitalization, institutionalization, and the associated financial costs. Addressing hearing problems in prefrail individuals may therefore be critical and has the potential to reduce the burden of poor health on individuals and society.
A second implication of these findings is that hearing impairment could be an important component of assessments aimed at identifying individuals at risk of frailty.
Few assessments or indices such as the Frailty Index include hearing impairment. 50 The current findings suggest that future research using such indices to identify those with potential frailty should consider including hearing impairment because it was found to be predictive of the change from prefrailty to frailty. Further research is warranted on the possible mechanisms of frailty in hearingimpaired older adults.
CONCLUSIONS
Self-reported hearing impairment is associated with prefrailty and frailty in older age. Furthermore, prefrail older adults with poor hearing have a greater risk of becoming frail in the following 4 years, suggesting that hearing impairment may exacerbate the progression of frailty in individuals who are already prefrail. 
